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Abstract
We construct new models of inflation and spontaneous supersymmetry breaking in de
Sitter vacuum, with a single chiral superfield, where inflaton is the superpartner of the
goldstino. Our approach is based on hyperbolic Ka¨hler geometry, and a gauged (non-axionic)
U(1)R symmetry rotating the chiral scalar field by a phase. The U(1)R gauge field combines
with the angular component of the chiral scalar to form a massive vector, and single-field
inflation is driven by the radial part of the scalar. We find that in a certain parameter
range they are well described by simple (E-model) α-attractors, thus predicting ns and r
within 1σ CMB constraints. Supersymmetry (and R-symmetry) is broken at a high scale
with the gravitino mass m3/2 & 1014 GeV that can exceed the Planck mass depending on
the parameter choice, and the fermionic sector also includes a heavy spin-1/2 field. In all
the considered cases the inflaton is the lightest field of the model.
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1 Introduction
Embedding inflationary cosmology in supergravity is known to be highly non-trivial due to
the restricted form of (locally) supersymmetric actions. Despite this fact, there are many
successful examples of supergravity based inflation. 4 CMB observations [3, 4] so far favor
single-field inflation with a concave potential and sufficiently flat inflationary plateau. Per-
haps the simplest model having these features is the Starobinsky model (sometimes called R2
inflation) [5]. Within supergravity framework there exist many possible realizations of the
Starobinsky model [6–21]. In fact, there is a general class of supergravity models, called α-
attractors [22–27], that can be viewed as generalizations of the Starobinsky model, predicting
nearly the same values for the inflationary observables.
In most of the inflationary supergravity models supersymmetry (SUSY) is restored after
inflation, and is often assumed to be broken by a separate field(s) in the hidden sector (e.g.
Polonyi field) [28–32], which then mediates SUSY breaking to a supersymmetric Standard
Model via Planck-suppressed interactions. However there is an alternative, more economical
possibility – inflaton itself may be responsible for SUSY breaking (sgoldstino inflation) if its
F -term is non-vanishing at the minimum of the potential [33–40].
In this work we further study sgoldstino inflation scenarios, by focusing on the models
with gauged R-symmetry. In particular, we take a class of SUSY breaking models introduced
4See for example the reviews [1, 2].
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in Ref. [41], where the (complex) scalar field parametrizes an SU(1, 1)/U(1) Ka¨hler space,
and both supersymmetry and R-symmetry can be spontaneously broken in de Sitter vacuum.
The models are given by the following Ka¨hler potential and superpotential, 5
K = −α log(1− ZZ) , W = µZn , (1)
where Z is the chiral scalar field playing the role of sgoldstino. The U(1)R phase symmetry
Z → e−iqzθZ, where qZ is the corresponding charge and θ is the transformation parameter,
is promoted to a gauge symmetry, which generates a D-term contribution to the scalar
potential. The number n in (1) is given by n = q/qZ where q is the U(1)R charge of the
superpotential. Various choices of α and n allow for the spontaneous SUSY and R-symmetry
breaking [41], with the integer values of α in the range 1 ∼ 7 motivated by string theory
compactifications [42–44]. Some of the models were shown in [41] to have a double-well
potential (e.g. when α = 1 and α = 4), so that in principle they can support hilltop inflation.
But in the simplest model (1) the potential is not flat enough around the maximum, so that
the spectral index is incompatible with observations. On the other hand α = 2 and α = 3
allows for a flat scalar potential with a tunable cosmological constant (no-scale de Sitter
model). This is also not suitable for slow-roll inflation.
Our goal is to investigate the possibility of viable inflation in the model (1) (while keeping
supersymmetry breaking Minkowski/de Sitter vacuum) by introducing simple modifications
to the model allowed by the R-symmetry. More specifically, we add a correction term f(ZZ)
to the Ka¨hler potential,
K = −α log(1− ZZ − f(ZZ)) , (2)
and show that when α = 2 and α = 3 it suffices to consider the leading-order correction
f = β(ZZ)2 in order to realize slow-roll (hilltop) inflation, while in the superpotential (1)
we can set n = 1.
This paper is organized as follows. In Section 2 we derive our master Lagrangian, discuss
the corresponding hyperbolic Ka¨hler geometry, and make analytical estimations for the in-
flationary parameters in slow-roll regime. In Sections 3 and 4 we study in detail two viable
models defined by the choice of α, one with α = 2 and the other with α = 3. In each case we
derive the inflationary observables, bosonic mass spectrum and SUSY breaking parameters,
and make a comparison with simple α-attractor models. In Section 5 we discuss the physical
fermionic spectrum in which the goldstino vanishes, leaving a single heavy spin-1/2 field.
We comment on the restrictions on the parameter space that can be put by the Swampland
Distance Conjecture in Section 6. Section 7 is devoted for conclusion and discussion.
Throughout the paper we use the observed values of the spectral index, tensor-to-scalar
ratio, and the amplitude of scalar perturbations provided by PLANCK collaboration [4],
ns = 0.9649± 0.0042 (1σ) , r < 0.064 (2σ) ,
log(1010As) = 2.975± 0.056 (1σ) ⇒ As ≈ 1.96× 10−9 . (3)
5In Ref. [40] a similar type of inflationary models was considered, with gauged U(1)R phase symmetry
which is broken (together with SUSY) at the minimum. The main difference is that the model of [40] dealt
with almost canonical Ka¨hler potential K = ZZ + ... which lead to small-field hilltop inflation. Here our
models will be shown to be large-field after canonical parametrization.
3
2 The model
As outlined in Introduction, we study the models given by
K = −α log(1− |Z|2 − β|Z|4) , W = µZ , (4)
and a trivial gauge kinetic function h = 1. 6 We consider gauged U(1)R symmetry with the
gauge coupling g, that rotates the chiral field Z by a phase.
In the bosonic sector, this leads to the Lagrangian (see Appendix for the derivation)
e−1L = 1
2
R−KZZDmZDmZ − 14FmnFmn − VF − VD , (5)
where the Ka¨hler metric and the covariant derivative are given by
KZZ = α
1 + 4β|Z|2 − β|Z|4
(1− |Z|2 − β|Z|4)2 , DmZ = ∂mZ + igAmZ , (6)
while the scalar potential is the sum V = VF + VD, with the F - and D-term contributions
given by
VF =
µ2
(1− |Z|2 − β|Z|4)α
{
(1 + (α− 1)|Z|2 + β(2α− 1)|Z|4)2
α(1 + 4β|Z|2 − β|Z|4) − 3|Z|
2
}
, (7)
VD =
g2
2
{
1 + (α− 1)|Z|2 + β(2α− 1)|Z|4
1− |Z|2 − β|Z|4
}2
, (8)
where Z = 0 is the symmetric point of the potential which we assume to be the local
maximum, and its absolute value is bounded by 1− |Z|2 − β|Z|4 > 0 due to the singularity
in the Ka¨hler metric (6). The tensor Fmn is the field strength of the U(1)R gauge field Am.
It is convenient to use the parametrization Z = z e−iζ , where z is the absolute value of
Z, while ζ is its angular (Goldstone) mode. If the vacuum expectation value (VEV) of Z is
non-zero, Am will acquire physical mass proportional to 〈Z〉2 while the Goldstone mode can
be gauged away. Given by Eqs. (5)–(8) is our master Lagrangian.
The parameters α and β control the geometry of the target space, with the Ka¨hler
curvature
RK = − 2
α
(1 + 2β) +
12β
α
(1 + 4β)z2 +O(z4) , (9)
which reduces to the Poincare´ disk value, −2/α, in the limit β = 0 (in this limit all the
higher-order terms vanish). In fact, in the following sections we will show that in order to
realize inflation we need |β|  1, in which case z is bounded from above as z / 1 and for
any z between zero and one we have RK ≈ −2/α.
6In Ref. [40] it was shown that a field-dependent gauge-kinetic function h(Z) can be used to cancel
anomalies due to the R-charged fermions (via Green-Schwarz mechanism). However, the field-dependence of
h(Z) was shown to be negligible so that it can be approximated as h(Z) ≈ 1. This result can also be applied
to our models, since we have the same field content and R-charge assignment.
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For each choice of the geometry (set by α and β), the parameters µ and g control the
corresponding scalar potential and vacuum structure. Without loss of generality we can
assume that all the parameters are real. In addition, we consider only integer values of α
of order one, motivated by string constructions. We find that when α = 2 and α = 3,
the Ka¨hler potential (4) is suitable for hilltop inflation (near z = 0) and stable de Sitter or
Minkowski minimum (away from z = 0). Once α is set, our goal is to identify the appropriate
parameter region of β, µ and g. To do this we use slow-roll analysis of the potential near
the symmetric point z = 0, together with the vacuum equations
V ′ = 0 , V = V0 , (10)
at the minimum, where V0 is the cosmological constant (of order 10
−120) and the prime
denotes the derivative with respect to the canonically parametrized scalar.
The canonical scalar, which we denote as ϕ, must satisfy
e−1L ⊃ −G(z)∂mz∂mz = −12∂mϕ∂mϕ , (11)
where we introduced the notation
G(z) ≡ KZZ(z) = α
1 + 4βz2 − βz4
(1− z2 − βz4)2 , (12)
using the Ka¨hler metric (6). Then ϕ as a function of z can be found by solving
dϕ
dz
=
√
2G(z) , (13)
and z(ϕ) is found by inverting the solution.
For the slow-roll analysis we define the “potential” slow-roll parameters as
V ≡ 1
2
(
Vϕ
V
)2
=
1
2
(
Vzzϕ
V
)2
, (14)
ηV ≡ Vϕϕ
V
=
Vzzz
2
ϕ + Vzzϕϕ
V
, (15)
where the indices ϕ and z denote the respective derivatives. The derivative zϕ (as function
of z) is found from Eq. (13).
Inflation starts near z = 0 (local maximum), and z slowly rolls down to a stable near-
Minkowski minimum. Using the scalar potential (7)+(8), the slow-roll parameters can be
expanded near z = 0 as
V =
4
α
(
α2g2 − 2µ2 − 4βµ2
αg2 + 2µ2
)2
z2 +O(z4) , (16)
ηV =
2(α2g2 − 2µ2 − 4βµ2)
α(αg2 + 2µ2)
+O(z2) , (17)
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and the corresponding spectral index reads
ns ' 1 + 2ηV − 6V = 5α
2g2 + 2(α− 4− 8β)µ2
α(αg2 + 2µ2)
+O(z2) , (18)
where at the leading order in z, the contribution of V can be ignored, so that the maximized
value of the spectral index, nmaxs ≡ ns|z=0 can be obtained. We can then impose the following
condition,
0.9649 ≤ nmaxs < 1 , (19)
where we used the 1σ value (3) as the lower limit (for simplicity we ignore the uncertainty
in the values). Because the value of ns(z) drops as the inflaton rolls down the hill, if
nmaxs < 0.9649 it can never reach this observed value. But if n
max
s > 0.9649, ns(z) will
inevitably cross the value 0.9649 as z departs from the origin and moves towards the minimum
(although this does not strictly guarantee that at the horizon exit ns = 0.9649). At the same
time nmaxs cannot be larger than one because we require that the potential is concave near
the origin (ηV must be negative).
Let us estimate the limits of small g and small µ. If g2  µ2 then from (18) we have
nmaxs ' 1− 4(1 + 2β)/α, so that imposing the condition (19) leads to α/(1 + 2β) & O(100)
which is incompatible with our assumption α ∼ O(1) unless β ∼ −1/2. However, this value
of |β| is too large to support the desired shape of the potential, as we will show briefly. On
the other hand, if g2  µ2 then nmaxs ' 5 which is incompatible with observations. This
leads to the conclusion that the values of g and µ must be of the similar order of magnitude
in order to describe inflation and a stable Minkowski/de Sitter minimum.
As for the inflationary Hubble scale, it can be estimated as
H '
√
V |z→0
3
, with V |z→0 ' µ
2
α
+
g2
2
. (20)
Of course, the observable inflation (e.g. the last ∼ 60 e-folds) may start away from z = 0,
but the above estimate is still correct because the potential must be flat near the origin, i.e.
its height cannot change significantly (compared to the z = 0 value) at the point where the
observable inflation starts.
In what follows let us study α = 2 and α = 3 in more detail and provide specific working
examples for each case.
3 α = 2 case
3.1 Identifying the relevant parameter region
As shown in [41], when α = 2 (and β = 0) we can obtain no-scale de Sitter supergravity
after imposing the relation µ2 = 2g2 where the resulting positive cosmological constant leads
to exponential expansion of the universe. If we want to apply this to slow-roll inflation we
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need to break the no-scale de Sitter structure, in order to introduce a stable near-Minkowski
minimum. Therefore it is useful to introduce the parametrization
µ2 ≡ 2g2(1 + ω) , (21)
where the new parameter ω (as well as β) measures the deviation from the no-scale de Sitter
case and – as will be shown – this deviation must be small (|ω|  1, |β|  1) for slow-roll
inflation. It can be seen that after substituting the above relation in Eq. (7), the parameter g2
becomes an overall factor in the total scalar potential V = VF +VD, and thus does not affect
the shape of the potential, while it sets the amplitude of inflationary scalar perturbations as
well as the Hubble scale. This can be seen from Eq. (20) (substituting (21)),
3H2 ' V |z→0 = g
2
2
(3 + 2ω) . (22)
The spectral index (18) in terms of ω reads
ns ' 1− 4ω + 2(1 + ω)β
3 + 2ω
+O(z2) , (23)
while the condition (19) for nmaxs becomes
0 <
ω + 2(1 + ω)β
3 + 2ω
≤ 0.0088 . (24)
It can be seen that this condition can be satisfied even if one of the two parameters (β, ω)
is zero. However both parameters are needed to support a stable Minkowski or de Sitter
minimum.
Let us now explicitly find a parameter range that allows for the stable near-Minkowski
minimum by numerically solving the vacuum equations (10). Because the cosmological
constant must be very small, we use the Minkowski limit, V0 = 0. As g
2 is an overall
factor in the potential, it is not fixed by the vacuum equations, and therefore we have three
unknowns – β, ω, and z0 ≡ 〈z〉 – and the two equations Vz = V = 0 (assuming that zϕ is
non-zero away from the origin). We solve these by varying β in the range 10−5 ≤ β ≤ 1 and
finding the corresponding values of ω and z0. The results are shown in Figure 1, together
with the corresponding values of nmaxs . It can be seen that the requirement n
max
s & 0.9649
leads to the upper limit on both β and ω,
β . 0.0054 , ω . 0.0156 . (25)
On the other hand if we want to retain the flatness of the potential near the origin, while also
having a stable Minkowski minimum away from the origin, β and ω must be positive and
non-zero. De Sitter uplifting of the minimum can easily be achieved by requiring V = V0 > 0
at the minimum – this will then modify the solution of Figure 1. Of course for V0 ∼ 10−120
this modification is negligible.
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β = 0.005413ω = 0.0156
nsmax = 0.9649
10-5 10-4 0.001 0.010 0.100 1
10-4
0.001
0.010
0.100
1
0.9999 0.9993 0.9934 0.9365 0.4903 -2.852
β
ω
n
s
max
10-5 10-4 0.001 0.010 0.100 10.6
0.7
0.8
0.9
1.0
0.9999 0.9993 0.9934 0.9365 0.4903 -2.852
β
z
0
n
s
max
Figure 1: Solution to the vacuum equations Vz = V = 0 (α = 2 case) as functions
ω(β) (left) and z0(β) (right). At the top-side of the plots we provide the values of
nmaxs at reference values of β.
3.2 Explicit example
In order to demonstrate inflationary solution, let us consider the following example,
β = 10−3 , ω = 2.977× 10−3 , (26)
where the parameters are within the allowed region, and taken from the vacuum solution of
Figure 1.
First, let us show the scalar potential (7)+(8) in terms of the canonical scalar ϕ, by
numerically obtaining the function z(ϕ) as the inverse of the solution to Eq. (13). After
fixing α = 2, β = 10−3, and ω = 2.977 × 10−3, we plot the (non-canonical) potential V (z)
(Figure 2, left) and the same potential in terms of the canonical scalar ϕ (Figure 2, right) for
side-by-side comparison. For reference we also plot the potential using the parametrization
z = tanh
(
ϕ˜/
√
2α
)
(orange dashed curve) which is the canonical parametrization in the pure
Poincare´ disk case with β = 0, and thus corresponds to the leading-order approximation of
the β-expansion of (13). Although any change in z is sub-Planckian, the canonical scalar ϕ
may change by super-Planckian values during inflation (large-field inflation).
The potential V (ϕ) is symmetric under the sign flip ϕ→ −ϕ and has the local maximum
at ϕ = 0 (symmetric point). While z has an upper limit determined by the singularity in
the Ka¨hler metric, the canonical scalar ϕ is not bounded and can go to infinity where the
potential behaves like V |ϕ→±∞ →∞.
Next, we estimate the inflationary observables at the horizon exit by using the potential
slow-roll parameters (16), (17), as well as the number of e-folds approximated as
∆N '
∫ ϕf
ϕi
dϕ√
2V
=
∫ zf
zi
dz√
2V zϕ
, (27)
where ∆N is the e-folds number between z = zi and z = zf . We put ∆N = 60, and zi as
the value at the horizon exit, while zf is the value at the end of inflation defined by V = 1.
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V(φ˜)/g2
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1.0
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V/g2
Figure 2: Left: the scalar potential (7)+(8). Right: the same potential when using
the canonical parametrization z(ϕ) found by numerically inverting the function
(13) – shown as the solid curve. The dashed curve represents the parametrization
z = tanh
(
ϕ˜/
√
2α
)
(canonical in β = 0 limit). The parameters used are α = 2,
β = 10−3, and ω = 2.977× 10−3.
Setting β = 10−3 and ω = 2.977× 10−3, the observables are estimated as
ns ≈ 0.9642 , r ≈ 0.0017 . (28)
Let us compare these results with the predictions of the equations of motion. The relevant
part of the Lagrangian reads (see Eqs. (4)–(8))
e−1L = 1
2
R−G(z)∂mz∂mz − V (z) + ... , (29)
with G(z) and V (z) given by Eqs. (12) and (7)(8), and we set α = 2, µ2 = 2g2(1 + ω),
β = 10−3 and ω = 2.977× 10−3.
Ignoring the dependence of z on the spatial coordinates, and using Friedmann–Lemaˆıtre–
Robertson–Walker (FLRW) metric gmn = diag(−1, a2, a2, a2), where a = a(t) is the time-
dependent scale factor, we find the inflaton EoM,
z¨ + 3Hz˙ +
G′
2G
z˙2 +
V ′
2G
= 0 , (30)
where the dot stands for time derivative, the prime denotes the derivative with respect to z,
and H ≡ a˙/a is the Hubble function. The Friedmann equations read
3H2 −Gz˙2 − V = 0 , (31)
H˙ +Gz˙2 = 0 . (32)
For numerical solution it is convenient to use the normalized time t˜ ≡ gt which leads
to the rescaled Hubble function H˜ = H/g. When using t˜, the equations of motion become
independent of g (recall that V contains g2 as an overall factor).
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ΔN = 60
0 50 100 150 200 250
t˜
0.4
0.6
0.8
1.0
z
240 250 260 270
0.996
0.997
0.998
Figure 3: The inflationary solution z(t˜) to the equations of motion (30) and (31)
with the initial conditions z(0) = 1/4, z˙(0) = 1/2. The vertical lines represent the
last 60 e-folds of inflation.
ΔN = 60
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t˜
50
100
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N
ϵH
ηH
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t˜
10-4
0.001
0.010
0.100
1
10
Figure 4: The number of e-folds (left) and the slow-roll parameters (right) for the
solution to Eqs. (30) and (31). The vertical lines represent the last 60 e-folds of
inflation.
We plot the inflationary solution of Eqs. (30) and (31) in Figure 3, where we have set the
initial conditions as z(0) = 1/4 and z˙(0) = 1/2. 7 In Figure 4 we show the number of e-folds
defined as the solution to N˙ = H with the initial condition N(0) = 0, as well as the Hubble
slow-roll parameters defined as
H ≡ − H˙
H2
, ηH ≡ ˙H
HH
. (33)
On the left-side plot of Figure 4 the vertical lines denote the beginning and end of the last
60 e-folds of inflation, with inflation ending when H = 1.
As regards the spectral index and tensor-to-scalar ratio, when using the Hubble slow-roll
7As usual, the inflationary solutions for different initial conditions join the attractor solution on z˙–z plane,
so that a wide range of the initial conditions leads to the same inflationary predictions, provided the solution
joins the attractor early enough to produce the required amount of inflation.
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parameters they can be expressed as
ns ' 1− ηH − 2H , r ' 16H . (34)
Using our solution, at the beginning of the last 60 e-folds they are evaluated as
ns = 0.9638 , r = 0.0018 , (35)
where ns is slightly smaller than the value from the slow-roll analysis using V and ηV , and
r is slightly larger.
The amplitude of the scalar perturbation during slow-roll can be estimated as
As ' H
2
8pi2H
' V
24pi2H
. (36)
Finally, equating As (at the beginning of the last 60 e-folds) to the CMB value (3), we obtain
the value of the gauge coupling g ≈ 5.96× 10−6.
3.3 Relation to α-attractors
Here we will consider the scalar potential of our α = 2 models for different choices of β
(and the corresponding values of ω), for the canonically normalized inflaton, and show the
parameter range that leads to the α-attractor regime.
First, let us introduce α-attractors, which is a general class of inflationary models, con-
structed in Ref. [22] using superconformal framework, leading to the universal prediction for
the inflationary observables,
ns ' 1− 2
∆N
, r ' 4α
∆N2
, (37)
where ∆N is the observable number of e-folds (we take ∆N = 60).
The scalar potential for the so-called E-model α-attractors has the general form
Vα = A
(
1− e
√
2
α
ϕ
)2
, (38)
exactly or approximately, depending on the particular model (assuming the canonical kinetic
term for ϕ). The parameter A is some constant proportional to the inflaton mass squared.
In our notation α has a slightly different normalization compared to the original paper [22]
(related by a factor of three).
Among different values α = 3 stands out, as it corresponds to the Starobinsky f(R)-
gravity model [5], which can be embedded in higher-derivative supergravity [7–11,14,37] as
well. The correspondence with modified (super)gravity is not shared with the α 6= 3 cases.
Going back to our models, let us consider the behavior of the scalar potential (7)+(8) in
terms of the canonical scalar, as we change β. Consider for example β = 10−3, 10−4, 10−5 and
the corresponding values of ω found from the vacuum solution of Figure 1. The potentials
11
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Figure 5: The scalar potential (7)+(8) for the canonical inflaton ϕ (α = 2) and
different values of β and ω, compared to the α-attractor (39). The canonical inflaton
is shifted, ϕ→ ϕ− |ϕ0|, so that the minimum is at ϕ = 0.
are shown in Figure 5, where the canonical scalar is shifted as ϕ→ ϕ− |ϕ0| where ϕ0 is its
VEV, so that ϕ = 0 coincides with one of the two (near-)Minkowski minima. For reference
we included the α-attractor potential (38) with α = 2 and A = 3g2/2, i.e.
Vα=2 =
3
2
g2(1− eϕ)2 . (39)
Remarkably, as β and ω become smaller, we can see that the shape of the potential
asymptotically approaches the simple form (39). Quantitatively this observation is supported
by the comparison of ns, r, and the inflaton mass mϕ between our potential and the potential
(39) – see below.
3.4 SUSY and R-symmetry breaking
Taking four different values of β as mentioned above, we numerically estimate the inflation-
ary observables ns, r (using equations of motion), the masses of the inflaton ϕ, the vector
Am, and the gravitino around the Minkowski vacuum, as well as the supersymmetry breaking
parameters 〈F 〉 and 〈D〉 given by Eqs. (66) and (67) in Appendix. The results are summa-
rized in Table 1 where we also included the estimates for ns, r, and mϕ for the reference
α-attractor potential (39) (as we are not considering any particular embedding of the model
(39) in supergravity, SUSY breaking parameters are ignored in this case). The first value
β = 0.005413 is the marginal case where the lower bound of nmaxs ≥ 0.9649 is saturated (see
Figure 1), however, as can be seen from Table 1, the actual value of ns at the horizon exit
is noticeably smaller, although is still within 2σ confidence level. Table 1 also shows that
for β . 10−4, the predictions of our model for ns and r, as well as the parameters g and mϕ
practically coincide with the α-attractor potential (39).
As for the inflationary Hubble scale, in all the examples it is of the order 1013 GeV,
whereas the effective masses of the vector and the gravitino, evaluated at the horizon exit,
12
vary from 1012 GeV when β = 0.005413 to 1015 GeV when β = 10−5 (both effective masses
are of the same order).
β = 0.005413 β = 10−3 β = 10−4 β = 10−5 Vα=2
ns 0.9528 0.9638 0.9670 0.9671 0.9671
r 0.0009 0.0018 0.0021 0.0021 0.0021
g 4.11× 10−6 5.96× 10−6 6.44× 10−6 6.45× 10−6 6.45× 10−6
mϕ 1.78× 1013 2.53× 1013 2.72× 1013 2.72× 1013 2.72× 1013
mA 7.46× 1014 5.53× 1015 5.89× 1016 5.89× 1017 –
m3/2 5.28× 1014 3.91× 1015 4.16× 1016 4.17× 1017 –
|〈F 〉|1/2 5.83× 1015 7.06× 1015 7.35× 1015 7.36× 1015 –
|〈D〉|1/2 4.26× 1016 1.16× 1017 3.79× 1017 1.20× 1018 –
Table 1: The inflationary observables ns and r; the inflaton, vector, gravitino
masses (mϕ, mA, m3/2, respectively), and SUSY breaking parameters – all evaluated
for four different choices of β. The observables and the inflaton mass for the α-
attractor potential (39) are also included. The parameters mϕ, mA, m3/2, |〈F 〉|1/2,
and |〈D〉|1/2 are in units of GeV, while g is dimensionless.
Let us comment on the results of Table 1. For smaller values of β the inflaton mass can be
seen approaching the α-attractor value, which can be obtained from Eq. (39) as mϕ =
√
3g,
yielding 2.72× 1013 GeV after using the explicit value of g and restoring the Planck mass.
The mass of the U(1)R vector field reads
mA =
√
2g〈KZZZZ〉1/2 . (40)
In Figure 1 we can see that for the interesting values of β we have z0 ≡ 〈Z〉 → 1 (as β
decreases), so that mA is controlled by the VEV of the Ka¨hler metric,
KZZ = α
1 + 4β|Z|2 − β|Z|4
(1− |Z|2 − β|Z|4)2 , (41)
when varying β. As β decreases and z0 approaches unity, the Ka¨hler metric blows up, and
so does the vector mass.
The same is true for the gravitino mass
m3/2 = µ〈eKZZ〉1/2 , (42)
and the D-field,
〈D〉 = −g1 + z
2
0 + 3βz
4
0
1− z20 − βz40
(43)
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because 〈eK〉 = (1− z20 − βz40)−2 and (1− z20 − βz40)−1 also grow at smaller values of β.
However, the situation is different for the F -field,
〈F 〉 = −〈eK/2KZZDZW 〉 = −
µ
2
· 1 + z
2
0 + 3βz
4
0
1 + 4βz20 − βz40
, (44)
where the growing factors cancel out and |〈F 〉|1/2 approaches the constant value ∼ 7.4×1015
GeV.
It can be extrapolated from Table 1 (and we indeed confirm) that at β = 10−6 the masses
mA, m3/2, as well as the parameter |〈D〉|1/2 reach the Planck scale.
4 α = 3 case
As in the α = 2 case, when α = 3 there is a possibility of a flat de Sitter potential [41]. This
time the requirement is µ2 = 9g2/2 which leads to the potential V = 2g2 (using the action
(5)–(8) with β = 0). Thus we can use the same method of introducing a small deviation
from perfect de Sitter model, in order to obtain realistic inflationary scenario. The deviation
from the de Sitter relation is measured by the new parameter λ as follows,
µ2 ≡ 9
2
g2(1 + λ) . (45)
As before, a small non-zero β is needed to obtain a stable Minkowski or de Sitter minimum
after inflation.
4.1 The relevant parameter region
To identify the suitable parameter region we again solve the vacuum equations Vz = V = 0
by varying β. In contrast to the α = 2 case, here we find two sets of solutions – one for
positive β (and negative λ) and one for negative β (and positive λ). The solution for positive
β is shown in Figure 6, and the solution for negative β in Figure 7.
The positive β solution of Figure 6 is cut off at around β ∼ 0.2, indicating that the
solution with the assumptions β > 0, λ < 0 (and z0 ∈ R) does not exist for larger β.
However this does not affect the relevant (for inflation) part of the solution because it has
the upper limit already at β = 0.04354. The negative β solution (Figure 7) is bounded as
|β| ≤ 0.0337.
4.2 Scalar potential and relation to α-attractors
For α = 3 we again find that the scalar potential (of the canonically normalized inflaton)
asymptotically approaches the corresponding α-attractor shape, which for α = 3 is given by
the Starobinsky potential
Vα=3 = 2g
2
(
1− e
√
2
3
ϕ
)2
. (46)
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β = 0.04354λ = -0.04901
nsmax = 0.9649
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Figure 6: Solution to the vacuum equations Vz = V = 0 (α = 3 case) with positive
β: −λ(β) (left) and z0(β) (right). At the top-side of the plots we provide the values
of nmaxs at reference values of β.
β = -0.0337λ = 0.1131
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Figure 7: Solution to the vacuum equations Vz = V = 0 (α = 3 case) with negative
β: λ(−β) (left) and z0(−β) (right).
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Figure 8: The scalar potential (7)(8) for the canonical inflaton ϕ (α = 3, positive
β) and different choices of β and λ, compared to the α-attractor potential (46).
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β = -10-2, λ = 2.31879×10-2β = -3×10-3, λ = 6.2684325×10-3β = -10-3, λ = 2.02927175×10-3α-attractor
Figure 9: The scalar potential (7)(8) for the canonical inflaton ϕ (α = 3, negative
β) and different choices of β and λ, compared to the α-attractor potential (46).
To demonstrate this we plot the potential for our model after numerical canonical normal-
ization of the inflaton, with α = 3 and different choices of β and λ, and compare it with the
potential (46). The plot for positive β is shown in Figure 8, and the plot for negative β in
Figure 9.
4.3 SUSY and R-symmetry breaking
Here we summarize the results for the inflationary observables ns and r (found from the
equations of motion), the masses mϕ, mA, and m3/2, and the SUSY breaking parameters
〈F 〉, 〈D〉, for various choices of β (the masses and SUSY breaking parameters are evaluated
around the Minkowski vacuum). The values of the gauge coupling g in each case are set by
the observed value of the scalar amplitude (3).
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β = 0.04354 β = 10−2 β = 3× 10−3 β = 10−3 Vα=3
ns 0.9517 0.9659 0.9673 0.9674 0.9674
r 0.0010 0.0029 0.0031 0.0031 0.0031
g 3.85× 10−6 6.60× 10−6 6.77× 10−6 6.76× 10−6 6.76× 10−6
mϕ 1.57× 1013 2.62× 1013 2.69× 1013 2.69× 1013 2.69× 1013
mA 4.89× 1014 1.08× 1016 1.15× 1017 1.14× 1018 –
m3/2 1.79× 1015 1.52× 1017 5.25× 1018 1.66× 1020 –
|〈F 〉|1/2 1.39× 1016 3.65× 1016 6.70× 1016 1.19× 1017 –
|〈D〉|1/2 3.80× 1016 1.80× 1017 5.85× 1017 1.85× 1018 –
Table 2: The inflationary observables ns and r; the inflaton, vector, gravitino masses
(mϕ, mA, m3/2, respectively), and SUSY breaking parameters for our model with
α = 3 and positive β. The observables and the inflaton mass for the α-attractor
potential (46) are included. The parameters mϕ, mA, m3/2, |〈F 〉|1/2, and |〈D〉|1/2
are in units of GeV, while g is dimensionless.
β = −0.0337 β = −10−2 β = −3× 10−3 β = −10−3 Vα=3
ns 0.9521 0.9652 0.9673 0.9674 0.9674
r 0.0008 0.0028 0.0031 0.0031 0.0031
g 3.29× 10−6 6.41× 10−6 6.74× 10−6 6.76× 10−6 6.76× 10−6
mϕ 1.45× 1013 2.58× 1013 2.69× 1013 2.69× 1013 2.69× 1013
mA 3.29× 1014 8.55× 1015 1.07× 1017 1.09× 1018 –
m3/2 1.34× 1015 1.15× 1017 4.82× 1018 1.57× 1020 –
|〈F 〉|1/2 1.38× 1016 3.53× 1016 6.65× 1016 1.19× 1017 –
|〈D〉|1/2 3.12× 1016 1.60× 1017 5.65× 1017 1.81× 1018 –
Table 3: The inflationary observables, relevant masses, and SUSY breaking pa-
rameters for α = 3 and negative β. The parameters mϕ, mA, m3/2, |〈F 〉|1/2, and
|〈D〉|1/2 are in units of GeV, while g is dimensionless.
In Tables 2 and 3 the cases of positive and negative β are considered.8 Like in the α = 2
case, Figures 6 and 7 show that the smaller the value of |β| is, the closer z0 is to unity.
8β = 0.04354 and β = −0.0337 are the marginal cases taken from the vacuum solutions of Figures 6 and
7, respectively.
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Therefore m3/2 and mA become larger proportionally to
〈eK/2〉 = (1− z20 − βz40)−3/2 , 〈KZZ〉1/2 =
√
3(1 + 4βz20 − βz40)
1− z20 − βz40
, (47)
respectively. The vacuum values of F - and D-fields are given by
〈F 〉 = −µ
3
· 1 + 2z
2
0 + 5βz
4
0
(1 + 4βz20 − βz40)
√
1− z20 − βz40
, 〈D〉 = −g1 + 2z
2
0 + 5βz
4
0
1− z20 − βz40
, (48)
where in contrast to the α = 2 case, the growing factor in 〈F 〉 is not fully cancelled when
α = 3, and we have 〈F 〉 ∝ (1− z20 −βz40)−1/2 that grows when β decreases, albeit at a slower
rate than 〈D〉.
Tables 2 and 3 also show that the predictions of the models with α = 3 for the inflationary
parameters are nearly indistinguishable from the those of the Starobinsky model (46) already
at |β| = 3× 10−3 (for both positive and negative β solutions).
The Hubble scale is the same as before, at 1013 GeV. When β = 0.04354 (or β = −0.0337
for the negative β case), the effective masses of the vector and the gravitino at the horizon
exit are around 1012 GeV, while for |β| = 10−3 (for both positive and negative β cases) we
have meffA ∼ 1016 GeV and meff3/2 ∼ 1017 GeV.
5 Fermion spectrum
The spectrum of our models is given by three distinct (on-shell) multiplets: supergravita-
tional multiplet {eam, ψm}, chiral multiplet {Z, χ}, and (massless) vector multiplet {Am, λ},
where ψm is the gravitino field, χ and λ are spin-1/2 fermions (inflatino and gaugino).
9 In
the previous sections we described the physical spectrum of bosons which consists of the
massive real scalar |Z| and a massive vector that can be thought of as the gauge-invariant
combination of Am and the angular component of Z. As we showed, the gravitino acquires
non-vanishing mass due to spontaneous breaking of supersymmetry. Thus, the spectrum
must include a goldstino that would represent longitudinal modes of the massive gravitino.
Since in our models SUSY is broken by both F - and D-terms, the goldstino η must be the
following linear combination of χ and λ,
η = GZχ− igD√
2W
e−K/2λ , (49)
where G is the Ka¨hler-invariant function G = K + log |W |2, GZ is its derivative with respect
to Z, and D is the Killing potential of U(1)R gauge symmetry (see Appendix).
When SUSY is spontaneously broken, the (supersymmetric) unitary gauge reveals the
physical mass spectrum where η = 0, and the gravitino is massive. Then, the combination
9In terms of the R-charge q of the superpotential, the R-charges of Z, χ, λ, and ψm are qZ = q,
qχ = qλ = qψ = q/2. We take q = 1 in our examples.
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of χ and λ, orthogonal to the goldstino, becomes a physical massive fermion. After proper
normalization of its kinetic term and some manipulations, the mass of this fermion can be
written as
m1/2 = 2m3/2
〈
|g2ZZ(∂Z − ΓZZZ + GZ)GZ − 2m2A|
4m23/2 +m
2
A
〉
, (50)
where ΓZZZ is the Christoffel symbol of the Ka¨hler manifold, the gravitino mass is m3/2 =
〈eG/2〉, and the vector mass mA is given by Eq. (40).
We find that for the α = 2 model described in Section 3 we have m1/2 ≈ m3/2 (with m1/2
being a bit larger). For the α = 3 examples described in Tables 2 and 3 the fermion mass
m1/2 varies from 10
13 to 1015 GeV (larger for smaller |β|), being second lightest field of the
spectrum, after the inflaton ϕ. On the other hand, the effective mass of this fermion at the
horizon exit varies from 1012 to 1015 GeV (larger for smaller |β|) for the examples of Tables
1, 2, and 3.
6 Comment on Swampland Distance Conjecture
Swampland Distance Conjecture (SDC) [45] states that scalar fields travelling infinite dis-
tances in field space give rise to an infinite tower of massless (Kaluza–Klein, wrapping D-
brane, etc.) states, which indicates breakdown of the effective field theory (EFT). When
applied to inflationary EFT, the conjecture imposes the following upper limit on the (proper)
field-space displacement [46],
∆ϕsdc =
1
c
log
(
MP
H
)
, (51)
where c is some constant of order one, and H is the inflationary Hubble scale.
Let us demonstrate that application of the SDC to our models can further constrain the
parameter space. Taking c = 1 and H = 1013 GeV leads to ∆ϕsdc = 12 MP . If we require
that our models hold as EFTs all the way up to the symmetric phase where the U(1)R is
restored, SDC puts the upper limit on the distance ∆ϕ (for the canonical scalar ϕ) between
the symmetric point (local maximum) and the minimum. In the α = 2 examples shown in
Figure 5, it can be seen that this imposes the lower bound (roughly) β & 10−5. On the other
hand, Figures 8 and 9 representing the α = 3 case imply the corresponding lower bound
|β| & 3× 10−3.
Because our models feature a U(1)R gauge symmetry, one might wonder how they hold
up against the Weak Gravity Conjecture [47] that states that a theory with a U(1) gauge
symmetry must include at least one particle satisfying
m
|qg| ≤MP , (52)
where m is the mass of this particle, q is its charge, and g is the gauge coupling. It is not
difficult to check that none of the particles of our models satisfy this bound. However when
(Supersymmetric) Standard Model superfields are inevitably added, some of their component
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fields will necessarily carry non-zero R-charge and may thus satisfy the bound (52) if their
masses are not too large. The details depend on a particular realization of the Standard
Model within our framework which is beyond the scope of this work.
7 Conclusion
In this work we introduced a new class of inflationary models with spontaneous supersymme-
try breaking after inflation, where inflaton is identified with the superpartner of the goldstino.
As a starting point we used supersymmetry breaking models introduced in Ref. [41], uti-
lizing SU(1, 1)/U(1) hyperbolic geometry of the Ka¨hler manifold and gauged U(1)R phase
symmetry that fixes the superpotential to be a monomial of the chiral scalar Z. Choos-
ing the simplest superpotential W = µZ, we showed that adding only the leading-order
(perturbative) correction term to the Ka¨hler potential as
K = −α log(1− |Z|2 − β|Z|4) , (53)
is enough to obtain realistic slow-roll inflation when α = 2 and α = 3, in contrast to the
model of [39] where non-perturbative correction is needed (and the Ka¨hler potential is of the
canonical type).
We found Minkowski vacuum solutions with a possibility for de Sitter uplifting, and
derived the (semi-infinite) trajectory in the parameter space allowing for such vacua. We
learned that when α = 2, slow-roll inflation requires positive non-zero β bounded from above
as β . 10−3, while when α = 3 both positive and negative β are allowed with the bound
|β| . 10−2 (for a given β, the parameter of the superpotential µ is fixed by the vacuum
equations, while the gauge coupling g is fixed by the observation of the scalar amplitude).
After inflation, supersymmetry and R-symmetry are spontaneously broken by non-vanishing
F - and D-terms, and the physical spectrum of the models (aside from the graviton) is given
by the inflaton, a spin-1/2 fermion, a vector, and the gravitino, all of which have masses
around the inflationary scale or larger (the lightest field being the inflaton).
Remarkably, despite the fact that the canonically parametrized scalar potential in our
models is available only numerically (due to the β-correction term), we found that for small
enough but non-zero |β|, our potentials are well approximated by simple α-attractor E-
models, as can be seen from the comparison in Figures 5, 8, 9, and Tables 1, 2, 3.
Finally, we showed how Swampland Distance Conjecture can put lower bounds on the
parameter β in both α = 2 and α = 3 models, if we require that the models are valid (as
EFTs) up to the U(1)R symmetric phase.
In the future works it would be interesting to consider also other values of α. Since
we already know that when α 6= 2, 3 it proves difficult to achieve viable inflationary model
with only the leading-order correction (β|Z|4 term), the next step would be to see if adding
sixth-order correction would help, and, if the answer is yes, whether or not the α-attractor
behavior would emerge as in the α = 2, 3 models.
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Appendix: N = 1 supergravity in curved superspace
We use Wess–Bagger conventions [48], where the superspace action for the chiral superfield Z
coupled to the U(1)R vector superfield V in standard Poincare´ supergravity reads (MPl = 1)
L =
∫
d2Θ2E
[
3
8
(D2 − 8R)e−13 (K+Γ) +W + 1
4
hWαWα
]
+ h.c. . (54)
Here E is the chiral density superfield, R is the chiral curvature superfield, Dα,Dα˙ are
the superspace (fermionic) covariant derivatives with D2 ≡ DαDα and D2 ≡ Dα˙Dα˙; K =
K(Z,Z) is the superfield Ka¨hler potential and Γ = Γ(Z,Z,V) is the compensating term for
the gauge transformation of K; W = W (Z) is the superpotential, h = h(Z) is the gauge
kinetic function (which is not gauge invariant on its own, but can be used for the cancellation
of possible one-loop anomalies), and Wα ≡ −14(D2 − 8R)DαV is the superfield strength of
V. The operator (D2−8R) is the chiral projector in curved superspace. The function Γ can
be expanded in terms of V as
Γ = 2gDV + 2g2KZZX
ZXZV2 +O(V3) , (55)
where the higher order terms (starting from cubic) vanish in Wess–Zumino gauge. Here D is
the Killing potential of the U(1)R gauge symmetry, X
Z is the Killing vector, g is the gauge
coupling, and KZZ ≡ ∂Z∂ZK is the Ka¨hler metric. Killing potential can be written as
D = iXZ
(
KZ +
WZ
W
)
, (56)
where the superpotential-dependent term is the Fayet-Iliopoulos term of gauged R-symmetry.
The superfields Z and V can be expanded as (using Wess–Zumino gauge)
Z = Z +
√
2Θχ+ Θ2F , (57)
V = −ΘσmΘAm + iΘ2Θλ− iΘ2Θλ+ 12Θ2Θ2d , (58)
where Z is complex scalar, χ and λ are spin-1/2 (Weyl) fermions, Am is the U(1)R gauge
field, F (complex) and d (real) are auxiliary scalars.
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After expanding the superspace Lagrangian (54) in the component fields, the auxiliary
fields can be eliminated via their equations of motion. In particular, for F and d we have
F = −eK/3KZZDZW , (59)
d = −ge−K/3D , (60)
where the leading components (Θ = 0) are assumed on the right-hand side. Then, after
proper Weyl rescaling we arrive at the Lagrangian (keeping only the bosonic terms),
e−1L = 1
2
R−KZZDmZDmZ − 14Re(h)FmnFmn + 18Im(h)mnklFmnFkl − VF − VD , (61)
with the scalar potential given by
VF = e
K
(
KZZDZWDZW − 3|W |2
)
, (62)
VD =
g2
2
Re(h)−1D2 , (63)
where the following notation is used,
KZZ ≡ K−1
ZZ
, DZW ≡ ∂W
∂Z
+W
∂K
∂Z
. (64)
The covariant derivative of Z is defined as
DmZ ≡ ∂mZ − gAmXZ . (65)
Since we consider the U(1)R as the phase symmetry Z → e−iqZθZ (qZ – R-charge of Z, θ –
gauge parameter), the Killing vector takes the form XZ = −iqZZ.
It should be noted that there is a difference between the auxiliary F - and d-fields defined
as the expansion coefficients in Eqs. (57) and (58), and the more commonly used (rescaled)
definitions
F = −eK/2KZZDZW , (66)
D = −gD , (67)
which are convenient because the scalar potential can be written as
VF = KZZ |F |2 − 3m23/2 , VD = 12Re(h)−1D2 , (68)
similarly to the case of global supersymmetry (except for the gravitino mass term), whereas
if we use F and d, extra K-dependent factors will appear,
VF = e
K/3KZZ |F|2 − 3m23/2 , VD = 12Re(h)−1e2K/3 d2 . (69)
This difference between F , d and F , D is related to the fact that the component form of the
Lagrangian (54) is originally in the Jordan frame, and the extra K-dependent factors are
brought in by Weyl rescaling when going to the Einstein frame.
The two definitions of the auxiliary fields are related by
F = e−K/6F , d = e−K/3D . (70)
In this work we use the common definitions F , D and their vacuum expectation values, for
the parametrization of supersymmetry breaking scale.
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